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THE MILKFISH INDUSTRY IN
TAIWAN
Chaur Shyan Lee
Research Institute of Agricultural Economics
National Chung Hsing University
Taichung, Taiwan
This paper attempts to explain empirically the entire
milkfish industry in Taiwan, covering (1) the gathering and
marketing of milkfish fry — the procurement subsystem; (2)
the production of milkfish fingerlings for the baitfish indus-
try; (3) the production of market-size milkfish — the trans-
formation subsystem; and (4) the marketing of market-size
milkfish — the delivery subsystem. A constant elasticity of
substitution production function is used to estimate the
input-output relationship for baitfish and market-size pro-
duction systems, with all inputs classified into labor and
capital. An important finding is that the elasticity of sub-
stitution between labor and capital exceeds unity, indicating
rather easy substitution between the two inputs in the
milkfish industry in Taiwan. The area for aquaculture has
expanded rapidly during the past two decades, but the
milkfish production area has remained at about 15 000 ha
and yields have increased slowly compared with those of
other cultured species. The revenue per hectare is also lower
for milkfish production than for other freshwater fish. The
improvement of fishpond management and the adoption of
new rearing technologies are essential to avoid such in-
efficiencies in production and to increase the income of
producers.
INTRODUCTION
The fisheries sector, including aquaculture, has played a significant role in the
agricultural development of Taiwan. The relative importance of this sector can be
seen in the fact that its share of total agricultural production increased from 11% in
1950 to 22% in 1982, while the share of crop production declined from 64% to 49%.
Intensive land use is a tradition in Taiwan. Farmers grow crops and raise animals
year-round wherever possible and have changed from crops to fish culture to maxi-
mize the profit from their farmland and to sustain their relatively high standard of
living. The area devoted to fish culture increased from 38 148 ha in 1965 to 64 663
ha in 1982. Milkfish is the most important species cultured in Taiwan; in 1982
15 218 ha — about 23% of the total area — were used for milkfish.
Basic biological research on milkfish in Taiwan has been intensive, but there have
been few economic studies of production. Moreover, there has been no economic
analysis of the fry input sector, nor of the marketing of milkfish. Thus, a systematic
economic analysis of production and marketing of milkfish is needed to assist
production programs and to sustain the incomes of producers and other support
groups within the sector.
This paper examines the entire milkfish system in Taiwan, including fry gathering
and marketing, baitfish production, market-size rearing, and marketing, the last
consisting of three subsystems, namely, procurement, transformation, and delivery.
The paper provides an overview of the milkfish industry to: (1) examine the
gathering and marketing of milkfish fry, (2) measure the production efficiency of the
baitfish industry, (3) explain the input-output relationship of production of market-
size milkfish, and (4) describe the marketing of market-size milkfish.
GATHERING AND MARKETING OF FRY
Fry Gathering
The main sources of fry are located on the southern and eastern coasts of the
island. However, there are significant regional variations in procurement. During
1980-82 the eastern coast accounted for about 53% of the total fry catch. The total
procurement of fry varies yearly due to meteorological and oceanographic changes
that affect milkfish spawning and, consequently, the distribution of eggs and fry. Fry
procurement is also influenced by the technique of fry gathering and by the degree of
water pollution in the coastal areas.
There is an important relationship between technique of fry gathering and fry
procurement (Chen 1952, Lin 1968). Fry gathering can be increased by gear
improvement. There are different methods used in Taiwan to catch fry, ranging from
simple hand-operated scoop nets and sweepers that can easily be handled by one
person to motorized rafts and boats.
Fluctuations in fry supply occur from year to year. From 1965 to 1982, the catch
varied from a low of 33.96 million (1967) to a high of 234.87 million (1970). Since
1970, fry procurement has decreased year by year, nearing 101.42 million in 1982
(Taiwan Fisheries Yearbook 1982).
The trend in fry procurement can be presented by regression equations for the
periods 1965-82 and 1970-82. On the average, the trends over the two periods were:
Q = 144 872.08 - 3224.27 t (1965-1982), r2 = 0.1260
Q = 180 001.31 - 9327.37 t (1970-1982), r2 = 0.5425
where Q stands for the quantity of fry caught and t shows the number of years. The
equations indicate that the number of fry caught decreased annually at an average of
3224 and 9327 thousand pieces during these periods.
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Taiwanese fry procurement is characterized by extreme seasonality, reflected in
marked peaks and slack periods. The index of seasonal variation reached 578.03%
and the standard deviation of seasonal variation was 120.90.
Marketing and Distribution of Fry
Fry marketing and distribution are the core of the procurement subsystem and
involve methods of transportation, marketing channels, marketing margins, region-
al distribution, and price variation.
Methods of transport. As a general rule, the transport route for fry is short and
usually involves only three transactions: (1) from gatherers to middlemen, (2) from
middlemen to dealers, and (3) from dealers to milkfish and baitfish rearing ponds.
The main methods used to transport fry from the gatherers to the middlemen are
bicycle (75%), walking (16%), and motorcycle (9%), and the distance of the fry
middlemen from the seashore averages 4.8 km. The most common type of transac-
tion is for the middlemen to go to the seashore where the fry are stored temporarily by
the gatherers (75%), but 14% of the middlemen go to the gatherers' houses, and 11%
of the gatherers deliver their fry to the middlemen.
Short distances are also involved between the middlemen and the dealers, and the
fry are transported by taxi (55%), motorcycle (27%), truck (9%), and train (9%)
with a 98% survival rate. Transportation costs depend on the distance and trans-
portation facility used, but the average transportation cost per 10 000 pieces is
US$5.22.
The last phase involves moving the fry from the dealers to the baitfish rearing
ponds and market-size milkfish rearing ponds. Traditionally, the fishpond operators
go to the dealers to buy the fry, and they handle transport themselves. Fry are most
commonly transported by motorcycle or truck, depending on the distance and the
quantity purchased.
Marketing channels and marketing margins. The marketing channels for fry
can be divided into two phases: (1) before the middlemen phase — where 100% of
the fry pass from gatherers to middlemen and (2) after the middlemen. After the
middlemen, the method of distribution varies: 3% are transported from middlemen
to market-size rearing ponds, 92% go to dealers, and 5% move directly to baitfish
rearing ponds. Finally, the dealers distribute their fry to market-size milkfish rearing
ponds (58%), overwinter fry nursery ponds (23%), and baitfish rearing ponds (19%).
Because the marketing channels for fry are short, the marketing margins are also
small. The prices per fry received by fry gatherers and dealers were US$0.06 and
US$0.07, respectively, in 1979.
Distribution of fry. Tainan City is considered the fry trading center of Taiwan;
66% of the fry come from the eastern coast and 3 1 % from the southern coast. The
primary demand for fry comes from the Tainan area: 44% of the fry go to Tainan
Hsien, 24% to Tainan City, 14% to Chai-I Hsien, and 11% to Kaohsiung Hsien.
Price analysis of fry. As the quantity of fry increases, the price decreases. This
relationship between the price of fry and the supply can be represented by regression
equations for the periods 1965-82 and 1970-82:
log Pf = 8.5211 - 0.7108 log Qf (1965-82)
(t value = -3 .7060) r2 = 0.4780
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log Pf = 8.0853 - 0.6758 log Qf (1970-82)
(t value = -4 .4002) r2 = 0.6377
where Pf stands for the price of fry (in real terms) and Qf shows the quantity caught.
These equations indicate that the supply of fry is the main factor affecting their price.
To determine the long-term trend of fry prices, the least squares method was used
to calculate the regression equations. The trends of fry prices are as follows:
P = 0.5644 + 0.0853 t (1965-82)
r2 = 0.4820 (at current prices)
P = 1.8246 - 0.0272 t (1965-82)
r2 = 0.0457 (at constant prices)
and
P = 0.2785 + 0.1693 t (1970-82)
r2 = 0.9244 (at current prices)
P = 0.9381 + 0.0604 t (1970-82)
r2 = 0.4569 (at constant prices)
where P stands for the price of fry and t is the number of years. The equations show
that the price of fry increased annually in terms of current price and decreased
annually in terms of constant price during 1965-82, but during the period 1970-82,
the fry price increased annually in terms of both current and constant prices. The
seasonal variation in price is high because fry gathering is characterized by extreme
seasonality. The total range of seasonal variation in the price reached 200% and the
standard deviation of the seasonal index was 52.02.
The price stability of fry can be computed by using the Michaely Index. On the
average, the indices of instability of fry price at current prices measured by the
Michaely Index during 1965-82 and 1970-82 were 65.78% and 24-86%, respective-
ly, which indicate extreme instability. At constant prices, the indices of instability
were 62.46% and 20.43%, respectively, for the same periods, which also indicate
extreme instability.
PRODUCTION OF FINGERLINGS FOR BAITFISH
Due to the development of the deep-sea tuna long-line industry in recent years,
the production of milkfish fingerlings for baitfish has become an important business.
Many factors such as the demand for such fingerlings, the production environment of
milkfish, and the relative profitability of market-size milkfish and baitfish affect the
rearing of milkfish fingerlings.
The rearing of fingerlings depends on a favorable rearing environment and on the
supply of fry caught from early April to September. There are three periods for
fingerling rearing: (1) in early April for harvest before the end of May, (2) in early
June for harvest within 60 days, and (3) in early August for harvest at the end of
October (about 90 days are required because the weather is cooler and the fry grow
more slowly).
Resource Use of Baitfish Farms
Baitfish rearing is a capital-intensive and labor-saving industry. Based on a field
survey in 1980 the land input per farm averages 1.8 ha, the capital input per hectare
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is US$3186, and the labor input per hectare is 86 days. The capital input per hectare
increases and the labor input per hectare decreases as farm size increases. For farms
less than 1 ha, the average direct cost is US$3110 and the labor input is 96 days; the
figures for farms larger than 1 ha are US$3237 and 80 days. Direct costs include fry,
feeds, labor, fuel, and materials, while the indirect costs include rent, water,
electricity, interest, maintenance, taxes, and depreciation of gear.
The relationship between farm size and stocking rate per hectare for baitfish
rearing is very significant. For farms under 1 ha, the stocking rate of fingerlings per
hectare is 37 091; for farms over 1 ha, the rate reaches 41 621. The survival rates are
96% for farms under 1 ha and 92% for those larger than 1 ha.
Baitfish rearing in Taiwan has significantly affected both the benefit-cost ratio and
rate of farm income as well as the factor productivity and elasticity of substitution.
Milkfish fingerling rearing increases overall agricultural output and family farm
income. Table 1 shows the benefit-cost ratio and the rate of farm income of different
size baitfish farms in Taiwan. From the point of view of farm income, the benefit-cost
ratio is highly related to the size of the baitfish farm. Farms under 1 ha have lower
farm income than larger farms. The rate of farm income increases with an increase in
the size of the fingerling-rearing farm. The rate of farm income was higher for farms
over 1 ha than for farms under 1 ha.
The factor productivity of baitfish farms has advanced remarkably due to the
increase of production per hectare and to the price of baitfish compared with
market-size milkfish. Factor productivities are usually considered as important in-
dicators of the level of economic efficiency of production of small farms. One
important implication is that milkfish fingerlings have made a remarkable contribu-
tion to the growth of land, capital, and labor productivities. Hence, policy makers
should place more emphasis on how this type of farming enterprise can be more
effectively promoted within the milkfish sector if the market price and resource
allocation are available.
A CES (constant elasticity of substitution) production function was used to
measure elasticity of substitution in this study. The CES production function is:
Q =? ? (KC- ? + (1 - K)N- ? ) ??? ??
Where Q, C, and N represent output, capital input, and labor input, respectively,? ??
is a scale parameter denoting the efficiency of a production technology, K is the
distribution parameter indicating the degree to which technology is capital inten-
sive,?? represents the degree of homogeneity of the function or the degree of return to
Table 1. The benefit-cost ratio and rate of farm income per hectare for baitfish farms.
Farm Farm Production Farm Farm income/ Rate of
size receipts costs income production farm
(ha) (US$) (US$) (US$) costs income
(1) (2) (3)=( l ) - (2) (4)=(3)/(2) (5)=(3)/(l)×100
< 1 4521.39 3287.25 1234.14 0.38 27.30
> 1 4836.03 3392.86 1443.17 0.43 29.84
Average 4782.03 3351.22 1430.78 0.42 29.92
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significant. With relative increases in capital inputs and relative decreases in labor
inputs, capital is a significant substitute for labor, and labor-saving technology has
been utilized in the baitfish farms.
The elasticity of substitution between capital and labor in baitfish farms was high.
On the average, the value of elasticity of substitution was greater than 1 because
capital input is growing more rapidly than labor input in this type of farming.
Marketing Channels and Marketing Costs of Baitfish
The marketing channels are very short for milkfish used as baitfish. Baitfish
producers buy fry from fry dealers, and the farmers raise and sell some of the
fingerlings to market-size milkfish producers (about 35% of the total) because of the
decline in demand for milkfish as bait for deep-sea fishing in recent years. The fry,
after being stocked in the nursery ponds for 60-90 days, become fingerlings that are
suitable as baitfish for tuna long-liners.
In 1979, the marketing cost for 100 pieces of milkfish-bait was US$5.50. Of this
total, the profit of the middlemen accounted for about 5 1 % , salaries 12%, trans-
portation 15%, oxygen 5%, losses 8%, and other expenses 9%.
PRODUCTION OF MARKET-SIZE MILKFISH:
TRANSFORMATION SUBSYSTEM
Overview of Milkfish Production
Milkfish production is centered in the southern coastal areas of Taiwan and is
entirely in the private sector, largely individual milkfish farmers whose ponds range
from under 1 ha to 20 ha. A small number of companies are involved in milkfish
production, and their farms are larger than 50 ha.
The total production area showed a slight decrease from 15 616 ha in 1965 to
15 218 ha in 1982. Total milkfish production was stable between 27 000 and 32 000
t/year from 1965 to 1982, although the annual fry catch varied from 34 million to 235
million during the same years. Annual milkfish production per hectare increased
from 1765 kg in 1965 to 2087 kg in 1979 and declined to 1940 kg in 1982.
Milkfish production is influenced not only by the relative profitability of baitfish
rearing but also by the relative yield per hectare of other freshwater fish. The area
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Farm size (ha)
< 1 > 1 Average
Per labor capital input
C/N (US$/man-day) 
31.11 41.92 38.83
Per capital labor input
N/C (man-day/US$) 
0.0000227 0.0000184 0.0000198
Per capital land input
D/C (ha/US$)
0.0000002 0.0000002 0.0000002
Per land capital input
C/D(US$/ha)
3264.75 3365.08 3345.55
Per labor land input
D/N (ha/man-day)
0.010378 0.012460 0.011605












Economic Analysis of Milkfish Production
The benefit-cost ratio and rate of farm income for market-size milkfish farms are
closely related to farm size (Table 4) , with large farms practising more efficient
farming, resulting in higher farm income per hectare. The benefit-cost ratio and rate
of farm income increased as farm size grew, mainly because of smaller labor inputs per
hectare and increased efficiency of capital and labor in the larger milkfish farms. In
larger farms, farmers can take advantage of technological change in combination
with reduced labor inputs.
In comparing Tables 1 and 4, which show the benefit-cost ratios and rates of farm
income in baitfish and market-size milkfish farms, it is clear that production of
milkfish fingerlings for the baitfish industry is more profitable and efficient.
The productivity of a factor also depends on the quantities of other resources used.
Table 5 shows that factor productivities are closely related to farm size.
By comparing with Table 3 it can be seen that the factor productivities are much
higher in baitfish farms than in farms that produce market-size milkfish. If the
purpose of using the milkfish resource is to maintain adequate resource returns and
farm income in the face of growing competition from other freshwater fish rearings, a 
change from milkfish production to baitfish rearing if the market price and produc-
Table 3. Productivity and factor-factor ratio of baitfish farms.
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< 3 2684.03 2539.75 144.28 0.0568 5.38
3 - 1 0 2774.61 2569.08 205.53 0.0800 7.41
> 10 2866.53 2574-30 292.22 0.1135 10.19
Average 2834.81 2570.72 263.20 0.1024 9.28
tion environment are suitable is necessary for increasing productivity and efficiency
of production.
Capital inputs play a very important role in milkfish production; thus, analysis of
the capital inputs and elasticity of substitution between capital and labor in milkfish
farming is useful for examining resource use and technological change in milkfish
production. The elasticities of substitution are shown in Table 6, which is based on
the CES production function. The high elasticity of substitution between capital and
Farm size (ha)
<3 3 - 1 0 >10 Average
Per labor capital input
C/N (US$/man-day) 
21.64 30.72 36.25 33.83
Per capital labor input
N/C (man-day/US$)
0.0000335 0.0000249 0.0000213 0.0000227
Per capital land input
D/C (ha/US$)
0.000003 0.0000003 0.0000003 0.0000003
Per land capital input
C/D (US$/ha)
2539.75 2569.08 2574.30 2570.72
Per labor land input
D/N (ha/man-day)
0.00852 0.01196 0.01409 0.01316
Per land labor input
N/D (man-day/ha)
117.41 83.62 71.00 75.98
Land productivity
Q/D (US$/ha)
2684.03 2774-61 2866.53 2834.81
Labor productivity
Q/N (US$/ha)
22.86 33.20 40.39 37.31
Capital productivity
Q/C (US$/NT$)
0.0293555 0.029999 0.0309749 0.0306305
Table 5. Productivity and factor-factor ratio of milkfish farms.
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Milkfish farmers sell 71% of their products to wholesalers, 15% to cooperatives, and
14% to dealers.
The farm-retail marketing margins show the share of the consumer's money going
to each intermediary. Producers received 74% of the retail price, with the remaining
26% being absorbed in the marketing process. The wholesalers and retailers received
79% and 89% of the city retail prices, respectively, in 1979.
Table 7 compares the wholesale farm prices and retail city prices, used to calculate
the producer's share of the retail price during the period 1970-82. The producer's
share generally decreased annually; on the contrary, the marketing group's share rose
from 19% in 1970 to 3 1 % in 1982, and the difference between the wholesale price of
production and the retail price rose sixfold over the same time span.
Marketing Costs
Table 8 shows the marketing costs of milkfish in Taiwan. The total marketing cost
per 100 kg was US$73.64, and the proportion of marketing cost to retail price was













1970 0.63 0.78 0.15 2.25
1971 0.71 0.87 0.16 2.26
1972 0.84 0.94 0.10 2.53
1973 0.09 1.04 0.15 2.39
1974 1.35 1.45 0.10 2.58
1975 1.05 1.76 0.71 1.67
1976 1.21 1.91 0.70 1.75
1977 1.37 2.30 0.93 1.65
1978 1.55 2.61 1.07 1.64
1979 2.14 2.91 0.77 2.05
1980 2.245 3.16 0.91 1.97
1981 2.21 3.07 0.86 2.00
1982 1.97 2.84 0.88 1.92
Source: Based on Lin and Chen (1980).
Source: Taiwan Fisheries Yearbook.





Market management 7.20 9.78
Taxes 5.33 7.24
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26%. Among the cost items, profits, market management and taxes combined, and
freezing, packaging, and transportation combined were 48%, 17%, and 17% of total
cost, respectively. Profits therefore accounted for the highest percentage of the costs
incurred in marketing.
The marketing costs of milkfish in Taiwan can also be illustrated by the marketing
costs of the different marketing agencies: the dealers, wholesalers, and cooperatives
(Table 9). Dealers are considered as the lowest cost incurred in marketing. Because
the dealers transport fish directly to dealer-retailers or retailers, there are no taxes,
market management, and fisherman insurance fees during the marketing process.
Price Analysis of Milkfish
It is possible to explain the price variation of milkfish by long-run trend, seasonal
variation, and price instability. The least squares method can be used to compute the
regression equation for the period 1970-82. Trends in milkfish prices were:
At current prices
Wholesale farm price: P1 = 15.5050 + 5.0023 t r2 = 0.8820
Retail city price: P2 = 43.3238 + 0.7196 t r2 = 0.4638
At constant prices
Wholesale farm price: P1 = 14.7535 + 8.0605 t r2 = 0.9436
Retail city price: P2 = 54.3923 + 1.6363 t r2 = 0.3257
where P is the price of milkfish and t is the number of years. From these equations, the
prices of milkfish, whether wholesale farm price or retail price, increased annually at
Table 9. Marketing costs per 100 kg of milkfish by different agencies.
Dealer Wholesaler Cooperative
US$ % US$ % US$ %
Salary 2.11 12.65 2.22 8.82 1.86 9.27
Transportation 3.47 20.80 3.44 13.67 4.81 23.93
Freezing 2.08 12.48 2.08 8.27 2.89 14.38
Packaging 1.06 6.32 1.06 4.19 1.58 7.88
Profit 7.22 43.26 6.06 24.04 — —
Taxes — — 1.94 7.72 .92 4.56
Market management — — 4.86 19.29 4.64 23.10
Fisherman insurance — — 2.53 10.03 2.42 12.03
Other expenses .75 4.49 1.00 3.97 .97 4.85
Interest .56 3.33 .53 2.10 .19 0.97
Equipment depreciation — — — — .08 0.42
Water — — — — .03 0.14
Electricity — — — .17 0.83
Fishery development
funds — — .31 1.21 .28 1.38
Mail and telegrams .19 1.16 .17 0.66 .22 1.11
Total 16.69 100.00 25.19 100.00 20.08 100.00
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both current and constant prices. The total ranges of the indices of seasonal variation
of milkfish price were 89% and 115% of the wholesale farm price and retail city price,
respectively. This shows that seasonal variation is higher in the retail city price than
in the wholesale farm price.
To measure the price instability of milkfish, the Michaely Index was adopted to
compute price data from the wholesale farm price and retail city price at both current
and constant prices. At current prices, the wholesale farm and retail city prices
showed substantial instability (17.95 and 13.70, respectively), while they showed
substantial and slight instability (14.04 and 8.27, respectively) at constant prices.
Finally, comparisons between the price of other fish/shellfish and that of milkfish
are required because milkfish is considered as a substitute for other fish. The trend in
the freshwater fish/shellfish-milkfish price ratio from 1965 to 1982 decreased annual-
ly, except for oysters, the price of which increased annually faster than that of
milkfish (Table 10).
The price ratio of milkfish to other freshwater fish increased annually during the 18
years under study because milkfish is considered a good fish in Taiwan. Nevertheless,
the relative importance of milkfish in terms of production area relative to the total
aquaculture area decreased from 4 1 % in 1965 to 23% in 1982. This was because
freshwater fish farms adopted new fishpond management and rearing technology,
and the yield in these farms was higher than in milkfish production (Table 11).
CONCLUSION
In Taiwan, the demand for aquatic products increases proportionately with econom-
ic growth and per capita income increase. As a result, the aquaculture area has
expanded rapidly. However, the milkfish production area has remained at about
15 000 ha and yields have increased slowly compared with other freshwater fish
species. The revenue per hectare is also lower for milkfish production than for other
freshwater fish. Under such conditions, growth in milkfish production has slowed.
Improvement of fishpond management and the use of new rearing technologies are
essential to avoid such inefficiencies in production and to increase the income of
producers.
The main problems of the procurement subsystem are the supply and price of fry.
To increase and maintain fry sources and stabilize prices, the control of water
pollution in coastal areas, the improvement of fry gathering techniques, and the
development of artificial spawning of milkfish fry must be emphasized. A good
resource system should provide flexibility for the adjustment of farm management in
response to changes in economic and technological conditions. For economies of
scale and production efficiency, farmers should be encouraged to participate in group
farming and contract farming to broaden their base of operations and to increase
yields by adopting new rearing technologies such as deep water systems. This will
allow them to meet the needs of dynamic economic and technological situations.
In 1979, the milkfish shipped to city markets through cooperative marketing by
the Fisherman's Association accounted for only 15% of total milkfish production.
Farmers should be encouraged to participate in cooperative marketing so that
marketing costs can be decreased and producers' income can be increased.
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